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What is a Bell inequality?
® Quantum mechanics implies “action at a distance” is possible

® Prompts the idea of supplementing quantum mechanics with
“local-hidden-variable” theories to “fix” quantum mechanics

e Constraints of such a theory lead to Bell inequalities: a set of
conditions that all possible local-hidden-variable theories must
obey 3]
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CHSH Bell Inequality
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which hence violates the tenets of local realism.

[6] Cirel'son, B. S. (March 1980). "Quantum generalizations of Bell's inequality”. Letters in Mathematical Physics. 4 (2): 93-100.




Our Goal:
A Motional-state Bell inequality

test with ultracold atoms



What is it?

® Motional: using the states of motion, in this case momentum.

e Ultracold Atoms: Specifically helium-4 atoms

Why do we want to do it?

® No Bell violation has been conducted with massive particles using external
degrees of freedom, such as momentum.

® Such a test would give us insight into how quantum systems’ behaviour scales

with gravity.
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How will we do it?

® Method/scheme: Rarity-Tapster interferometer [

® Platform: ultracold helium apparatus [10]

e Entanglement source: s-wave scattering halo of ultracold helium [11]
® Bragg pulses: our substitute for mirrors and beam splitters
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Rarity-Tapster interferometer
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Metastable Helium Bose-Einstein Condensate

Bose-Einstein Condensates (BECs): Macroscopic Quantum
Object

Metastable: 23S1 state, 8000 second lifetime




Multichannel Plate with Delay Line Detector
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Source of entanglement: s-wave scattering halo

Experimental realisation
Full State
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Experiment Overview (Momentum Space)
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Position Space Picture
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What do we expect to see?

Two relevant parameters
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What do we expect to see?

Quantum interference
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Correlation amplitude of scattering halo
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Correlation amplitude of scattering halo
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Results (Rarity-Tapster)
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Each point is ~2000 realisations (or 17 hours of run time)



Future plans

e Further improve interference curve

® Implement phase beam for full Rarity-Tapster Bell test

® Perform a quantum eraser



Appendix



First MOT Our apparatus
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Funnel Type MCP

Significantly higher quantum efficiency
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The data rate of the relevant parameters scale with the square of quantum efficiency



Bragg pulses

Schematic of beams:
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[7] R. I. Khakimov 2016, Source of correlated atom pairs, Figure 5.2: Schematic of the Bragg/Raman beams entering the vacuum

chamber.
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Quantum Correlator (E) dependence on integration size
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